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SHANGHAI ENDEAVORS TO DEVELOP HIGH TECHNOLOGY 


‘ 
qesiuima bv as 8 Lead ‘ 


#7172304 Beijing XINHUA in English 1849 GMT 17 Apr 86 

r 7 

Text! Shanghai, 17 April (XINHUA) -- Shanghai, the largest industrial city 
in China, is striving tc develcp its high-tech industry to keep its pesiticn 
as China's economic leader, a city cfficial said here today. 


Sc far, Shanghai is capable cf turning cut 10 millicn large-scale integrated 
circuits and more than 30,000 km cf cptic fiber cable. 


One third cf the naticnal scutput cf crganic and incrganic materials such as 
compcsite, special macrcomclecule materials, artificial crystals and high-ten- 
perature ceramics are produced in Shanghai, acccrding tc the cfficial. 


Recently, the Shanghai Municipal Gcvernment announced a program tc build its 
own “silicen valley.” Constructicn for an imported large-scale integrated 
circuit assembly line is underway. 





Meanwhile, Shanghai is alsc building a dozen labcratcries for application cf 
the available scientific and technological findings, the cfficial said. 

So far, more than 13,000 microcomputers are cperating in the city's textile, 
communication, transport, chemistry, tachine building and metallurgical 
enterprises. 


Shanghai decided tc develop 
century-old famcus-brand pr 
and internaticnal markets. 


ts high-tech industry last year when many of its 
ets were losing attraction in both the domestic 


A study by 1,600 scholars suggested giving pricrity tc micro-electronics, new 
materials, bic-engineering, optic-fiber communication, lasers and marine 
engineering. 
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NATIONAL 


HENAN HOLDS SCIENCE, 
Zhenezhou Provincia] 


technology 
Jin Kecai 


At the provincial 
on 14 April, Provincial Vice Governor 
has set a clear target and made a plan 


landarin 
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The scientific 
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and technology reforn, 
ment the principle of 

giving assistance and 
further develop scientific research-production combinations; give 
to the technological superiority 
tinue to organize, 
learning institutes, and defense 
tensive kinds of organizations combining scientific research and production 
with factories and enterprises, particularly medium-sized and small enter- 

prises and township enterprises, 
to complement each other, 
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up a center with pecple from five ministries tc co-ordinate the industry's 
growth, according to Lu. 


Beijing has 28,000 computer specialists, one-third cf the country's tctal. 
Seven thousand cf the country's 150,00 computer research projects are being 
undertaken by institutes in Beijing. 


The computer industry has a bright future in China with a potentially huge 
market, Lu said. For instance, 250 high schcols and elementary schccols (wer 
indistinct} cffer computer courses, using 2,200 computers. The municipal 
government aims to cpen computer ccurses in all 850 high schcols, Lu said. 
"We still have a lot tc dc.” 


An exhibition cf computers will be held by the Beijing Office cf Electronics 
Development from next Tuesday through Sunday. More than 50 crganizatiocns, 
including all ministries, army units research institutes and universities in 
Beijing, will participate and present their products, Lu said. 
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PHARMACEUTICAL INDUSTRY TO RECEIVE BACKING FROM DEFENSE INDUSTRY 
HK160842 Beijing CHINA DAILY in English 16 Apr 86 p 1 
' By Staff Reporter Zhu Ling! 


‘Text | Shenzhen -- China's pharmaceutical industry is embarking on a major 
modernization campaign, with the country's defense industries backing the 
effort. 


A giant inter-ministry and inter-regicnal corporation is tc be launched next 
month in Beijing tc coordinate the joint development cf pharmaceutical 
prcduction technclcey. 


This signals the sta.t of a drive tc update the industry which is long 
overdue, said an cfficial cf the State Pharmaceutical Administration. 


He told CHINA DAILY the new company would undertake scientific research, 
design and manufacture cf pharmaceutical production lines and be sponscred by 
the State Pharmaceutical Administration and the sinistries of astronautics 
and aviation industries. 


The move tc speed up the development of a wide range of pharmaceutical 
technology, currently a weak sector in the economy, would help reduce the 
country’s reliance on expensive imports, which have cost China more than 
$20 million over the past six years, the cfficial said. 


The imparts have come from the United States, Federal Germany, Britain, Japan 
and Italy. 


China now has 2,000 pharmaceutical factories, most cof which are stiil of 
1940"s technical standards. Another 2,000 factories producing Chinese 
traditicnal medicines are even more backward. “ost of their work is still 
done by hand, the cfficial said. 


The Ministries of Astronautics and Aviation Industries have chosen ‘4 of 
their top research institutes and factcries tc help with the modernization 
drive. 








Most cf these units have been involved in the develcpment cf such high-tech 
products as military aircraft, radar equipment and guided missiles. 

“These military-criented enterprises, which are unfamiliar with pharuaceutica 
technology, will cccperate with the factcries that produce pharmaceutica! 
equipment,” said the cfficial. 


The first task, he said, was tc digest the technology introduced from abrcad. 


The immediate focus will be on the development cf producticn lines up tc 
advanced world standards, he said. 


“We alsc plan tc bocst our ability tc turn cut advanced pharmaceutical! 
production equipment for export,” he said. 


The establishment cf the corporation is part cf the national trend of “hcri- 


zontal cooperation” between different enterprises and regions, cutting 
through previcus administrative barriers. 
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NATIONAL DEVELOPMENTS 


EXPLOITATION OF GUANGDONG MOUNTAIN REGIONS URGED 
HK151252 Guangzhou Guangdong Provincial Service in Mandarin 1000 GMT 11 Apr 86 


[Text] After conducting a survey for 2 years in mountainous areas in northern 
Guangdong, the fourth squad of the South China Mountainous Areas Scientific 
Research Team of the Chinese Academy of Sciences held a meeting in Shaoguang 
City from 8 to 1l April to report their findings. It recommended measures for 
exploiting natural resources in mountainous areas in northern Guangdong, and 
called for building Shaoguang City into one of the pioneers in exploiting 
mountainous areas in south China. 


In accordance with the arrangements made by the State Planning Commission and 
the Chinese Academy of Sciences, in January 1983 the Guangzhou branch of the 
academy and the Guangdong Provincial Science Academy set up the fourth squad 
of the South China Mountainous Areas Scientific Research Team of the Chinese 
Academy of Sciences. Over the past 2 years or so, 70 scientific and technolo- 
gical personnel of 14 professional groups of the squad travelled mountains and 
rivers in northern Guangdong to conduct in-depth scientific research, achiev- 
ing, gratifying results. 


At the report meeting they presented 18 research reports on special subjects, 
in which they provided a vast amount of new information about natural resources 
and social and economic conditions in northern Guangdong. The research 
indicates that mountainous areas in northern Guangdong have all the advantages 
of a mountainous area in south Chinaland are well-known places affluent in 
nonferrous metals and are base areas for developing forestry. According to 
the findings of the research, the squad believed that in developing the 
economy, Shaoguang City should give full play to its advantages of a mountain- 
ous area, set up an economic system with various ecotypes with the stress on 
forestry, bring about more intensive industrial and agricultural production at 
a higher level, and be a pioneer in exploiting mountainous areas in south 
China. 
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RATIONAL DEVELOPMENTS 


PRC TO STANDARDIZE TRADITIONAL MEDICINE 
OW'51421 Beijing AINHUA in English 0758 GMT 15 Apr 86 


‘Text | Beijing, 15 April (XINHUA) -- The Ministry of Public Health has 
decided tc standardize the prescripticns and names of prepared traditional 
Chinese medicines, according to a spokesman for the Ministry. 


The spokesman described the names and prescriptions cf the over 6,900 kinds 
of prepared traditional medicines as “seriously confused.” 


For example, the antiphlogistic tablets cf herbs and rcgrephitis, s medicinal 
herd, have nine different names according tc the different procedures. 


As a result, doctcrs find it difficult tc administer the drugs and patients 
are unsatisfied with the results after being prescribed the wrong type of 
medicine. 


Pharmaceutical factories turn out 6,499 kinds of prepared herbal medicine, 
including pills, tablets, powders ani injections. 


Among them, “a considerable number” are irrational in prescription and their 
effects cannot be determined, while cthers lose their reputations because of 
the confusion. Only about 1,000 kinds are used frequently now. 


The spokesman said that the Ministry plans tc stipulate general standards by 
the end of this year, and provincial health cepartments should formulate long 
term standards cof some varieties. 


After unification of prescriptions and names, the drug control departments 
under the Ministry will re-issue licenses tc pharmaceutical factories. 


‘12929 
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RESEARCH FUNDING APPLICATIONS ACCEPTED--Beijing, 14 Apr (XINHUA)--A responsible 
person of the State Natural Science Funding Commission announced here today 
that the commission has begun accepting applications for 1986 state science 
grants. The establishment of the State Natural Sciences Funding Commission 
is an important reform in China's science funding system. Its money will be 
spent in support of basic natural science research and basic applied science 
research throughout the country. All departments, regions, and units may 
submit applications by observing regulations, and may receive funds if their 
research projects merit support and they themselves lack funds to conduct 
those projects. The responsible person said: This year, the funds for sup- 
porting basic research and basic applied science research will be double that 
of last year. [Excerpts] [Beijing XINHUA Domestic Service in Chinese 0849 
GMT 14 Apr 86 OW] /12712 
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APPLIED SCIENCES 
NEW WORK IN MICROPROGRAM LEVEL AUTO™MAT! Sit 
Shenyang XIAOXING WEIXING JISUANJI XIT (MINI-MICRO SYSTEMS] in Chine se 
No 4, 8 Apr 85 pp 34-43 
[Article by Li Minchui [2621 2494 1979], Dalian Institut f Techno! 
“CADSMDS, a Computer-Aided Desicn t< r Microproyrarsacd Digital Svst 
[Text] Abstract: The purpose of thx ter-aided desicn system for mis 
programmed digital systems-CADS*s--thoic un ve developed and produced ji 
for use in the computer-aided desivn an mputer-aided Leaching of Che 


structure of digital systems (chiefly microprogsrammed computers). It is 


currently made up of three major parts: scneral microcode venerated systems- 


ameiaes a : , eo ae nipatay: — 
GMCGS°; register transfer level hardware description lanzsuage=--RTLDL and it: 
translator’; and the general microprovram level simulation system--CMSS. lor 
the most part, this paper discusses the svstem structure and theory of CADS™ 
the composition and design method f CMSS, and application examples ot 
CADSMDS. The entire system has been in»! t« na CROMEMCOeT]. 

I. Introduction 

We have already done much researc! work on digital systems aided design, and 
here we will only discuss why we wanted to research and produce a computer- 


aided system for microprogrammed divital systems. Because of the development 
of LSI circuits (especially biteslice devices), microprogramming is still one 
of the important methods of structurin: disital systems controllers, and at 


present, computer-aided design tools for microprorsramdesign chietly use micro- 


processor assembly language exclusively, but can only produce microcode, and 


have no simulation or testing functions; hardware description languages can 
conveniently describe and simulate hardwore structure and functions, but 
usually they cannot directly venerate optimized microcode. In order to 
create a general purpose, efiective mputereaided design tool at the micro- 
program level, we have dealt separately with the microinstruction format and 
microprogram design of digital systems and with hardware structure and func- 
tions. We use the GMCGS to describe the former, as well as to create micro- 
structure data tebles and micro object provcrams, and we use the RTLDL to 
describe the latter, as well as to create structure data tables and function 
simulation subroutines. These have both independence and the ability to be 
linked together through the GMSS for simulation of an entire digital system. 


10 








ine Chlerl characteristics anc tunctlons ot UADS > re: 

(i) it is suitable tor use in any microprogrammed digital systen; 

(22) wv 7 , cwcce , -“Anuvuani 7 ; ~i} mi : - ovr 7 -* 

‘J1i) by usin GMCGS we can convenient! Gescribe microinstruction formats 
nad Sera: = level le : _— : . 7 17 = . ’ 
inc microproyram ievei al! orithms, to automatical!l enerate structure data 
tables and object code tor microprograms; 

"ss _ ; } DTT Ty S onan deed tan : =} : » les . _ . 7 en 
(ill) Wwe use the RTILDL iancuagse to describe hardware structure and tunc- 


tions, and generate structure data tables and FORTRAN function simulation 


Subrout ines; 


(iv) we simulate the system through use of CMSS; 

(v) when microinstruction tormats or digital svstems structures change, all 
one needs to do is change the corresponding simulation in the source program, 
as there is no connection between the translator and the simulation system 
itself; the user can conveniently use CADSMDS for simulation, testing, veri- 
fication, and revision of the designed system. 

ll. The System Structure and Principles ot CADSMDS 

In this section we discuss briefly the desizn philosophy, system structure, 
and operating principles ot CADS*DS, where Figure 1 is the svstem structure 
flowchart of this system. 


‘MCGS is at the upper lett corner of Figure 1, and it includes translation 
routines for the microinstruction format detinition language. It translates 
the source program describing the microinstruction formats as written in the 
microinstruction format definition lancuage into microstructure data table 
files. GMCGS also includes a general microassembler program, which trans- 
lates microassembly programs into object microprogram files according to the 
microstructure data tables. At the upper right corner is the RTLDL language 
translator, which translates the RTLDL language source program describing the 
system hardware modules into FORTRAN IV source program files, at the same time 
senerating digital svstem structure data table tiles. These files reject 
mutual relations between the digital system hardware modules. The RTLDL 
language translator also generates general variable table files. Below all 
this is a generating program for hardware mapping and scheduling routines, 
which automatically generates digital system hardware structure mapping based 
on the structure data table files and microstructure data table files that are 
input. It also produces system command interpretation routines and call 
statements for hardware module function routines, and what it produces is 
specification statements and subroutine call statements for FORTRAN routines; 
the system command translation routines are a fixed, unchanging part of the 
system and provided by the system; hardware module function routines are 

done through FORTRAN subroutines venerated by the RTLDL translator. The GMSS 
is what compiles and links these three portions o! FORTRAN routines to the 


venerated object programs (for details, see below). 
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Figure 1. Flowchart for CADSMDS System Structure 


GMSS has the function of generally simulating a system. If a general vari- 
able table filename and the object program filename of amicroprogram are 
given as its input, it can translate, execute, and test the original nicro- 
program code under the control of interactive commands, as weil as penerate 

a trace results file, all to aid the user in simulation, testing, and veri- 
fication of hardware structures. This makes digital systems design mors 
convenient, and is an effective tool for aiding the design of digital systems. 
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The portions outside the dotted lines in Figure 1 are for interactive use by 
the user and the system, while operations within the dotted line are done 
automatically by the program. With CADSMDS, the task of the systems designer 
is reduced to the following items: 


(i) design hardware structure and microinstruction formats based on system 
design goals; (ii) use the microinstruction format description language in 
the GMCGS and the RTLDL language to describe and compile, respectively, micro- 
instruction formats and hardware modules; (iii) automatically produce a GMSS 
system; (iv) use the general assembler language in the GMCGS to describe the 
various algorithms, as well as to translate into micro object programs, then 
simulate, test, and revise in the GMSS. 


Also, if after all modules in LSI circuit series (like the Am2900 series) are 


described with the ®TLDL language they then generate a FORTRAN program library, 


which can greatly reduce the amount of hardware descriptive work. 


III. Structural Principles of the General Microprogram Level Simulation 
System--GMSS 


3.1 The basic principles of GMSS 


Besides the basic function of a dedicated simulator that a general simulation 
system must have, the key is in its having universality, that is, that it 
can automatically change along with changes in system hardware structure, and 
therefore, we can divide a general simulation system into three basic parts: 
a portion that is a man-machine interactive command interpreter, micro object 
program loader, and microinstruction interpreter. The function of this por- 
tion is the same, even for different hardware structures, only the object of 
processing (register unit) is different; the hardware function simulation 
routines generate FORTRAN routines through the RTLDL translator, whicn then 
transfer and process data in the register unit under control of the micro 
commands; by hardware mapping is meant units with recister capabilities in 
the system, as for example registers, memory, and control memory. On the 
display of the simulation system it uses FORTRAN specification statements 
within GMSS, together with display, as shown in Figure 2. It can be seen 
from this that the first and second parts are indirectly connected to the 
system hardware structure, that they have a certain independence, and can be 
regarded as FORTRAN subroutine processors. Their relation to hardware struc- 
ture can be realized through subroutine call statements in a combination of 
dummy and real modes. This then changes the problem of creating a general 
simulation system into a situation whereby existing data structures auto- 
matically generate hardware mapping and simulation system command subroutine 
call statements, and hardware module function subroutine call] statements 
(that is, the central part of Figure 2), which are also FORTRAN routines. 

All three parts have both independence and interrelated routine systems that 
constitute module structures--CMSS. 
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Figure 2. Flowchart for GMSS Structure 


3.2 Automatic generation programs for hardware mapping and call statements 


We discuss below the basic design philosophy by which the GMCCS generates 
microstructure data tables and the RTLDL translator generates structure data 
tables, which automatically generate hardware mapping and call statement 


rout ines. 


It is defined in the RTLDL language syntax structure that the internal func- 
tions of hardware units (modules) and the connections between hardware unit: 
are described separately, and that connections between units reflect the 
structures of digital systems, so the RTLDL translator records the structural 
description portion of the RTLDL routines in the structure data tables. It 
divides the hardware parts of the RTLDL structural description and the 
structure data tables into two general categories, one being registers and 
memory, and the other being transfer units and switching units. These latter 
act as transient transmission paths in the digital system data transmission 
process, that is, as switches for use by data processing units. Their use 


prescribed by function subroutines. Then, with the register and memory units, 


each time there is a register transfer this will elicit a change in their 
state, that is, each execution of a microinstruction will elicit a change in 
their state. Therefore, in the general simulation system we regard the 
registers and memory as the basis for hardware structure mapping, and uss 
FORTRAN specification statements to define them as INTEGER variables or 
arrays. Their names and characteristic quantities are all recorded in the 
structure data table, amd as long as the structure data table is searched, 
FORTRAN specification statements can be generated that correspond to the 
registers and memory. In addition, in microprogrammed digital systems, tln 








operation of hardware units is realized under control of microninstructi 

fields. In hardware unit function subroutines microinstruction fields apps 
as control variables (i.e., dummy units) for function subroutines, and the 
fore must define the microinstruction tield names as integer variables in t 
specification statements of the simulation routines. The microinstruction 


field and their characteristix juant ities are clearl 
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the simulation routines with the simulation system command subrout in 
iardware module function subroutines, can there be dynamic simulation 
digital systems. The basic philosophy behind this implementation is St 
1 characteristic of routine modularization. Using a combination of bot 
ind real, and establishing in the simulation routines call statement t tl 
svstem command subroutines and call statements (for scheduling) to hardwar 
central portion of Figure 2. It is auto itical] renerated through mapp 
structure or the microinstruction rmat changes, all that needs to be don 
is to regenerate once. We explain a eciftic |] lementation method below 
through the use of an example. 
igure 3 is a flowchart of the l nt le, the ree yale or w 
is follows: 
= RM Yao. 15>: 
r = RM Ze : 15 > % 
' x ‘ 
. -- ‘ - ALL X.Y. Z. C< . 3 >), = 
BEGIN 
DECODE C<0: 3>2#> 
, BEGIN 
: =Z=2X+yY, TERMINAT; 
=Z=Y-X,; TERMINAT; 
~ 15: =Z=X, AND, Y; 
END 
ivure 3. The Arithmeti ind | END 
Unit (ALU) . 
The structure data tabl enerated tor this program by the RTLDL trans- 
lator is shown In Figure %4, the dat its l in which being equal t | 
indicates registers and memor levices. here re, by looking tor 17 tte 
find the name f all re ister irc som ri » a wel] is their word 
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Figure 4. Structure of Data Table 


System command subroutine call statements means those instructions that are 
related to register and memory variables, as for example when displaying and 
revising their contents the name of this kind of subroutine is determined, 
while each variable name and index values of the one-dimensional length and 
below act as real values in establishing a call statement. For example, in 


the example above, a call statement for a command subroutine corresponding to 
the display and revision cf registers and memory would be: 


0501 CALL OPENP (X,1,1,J0,JR,1) 
GOTO 10 

0502 CALL OPENP (Y,1,1,J0,JR,2) 
GO TO 

0503 CALL OPENP (Z,1,1,J0,JR,3) 
COTO 10 


One can go on in this way to set up call statements for other system command 
subroutines. 


By calling the OPENP subroutine, one can revise or initialize the values of 
the variables X, Y, and Z. This kind of command in the simulation system can 
change static values in a digital system. However, dynamic operations in a 
digital system are accomplished under control of the microprogram, and befors 
a digital system begins dynamic operations it must call microinstruction 
interpretation routines: 
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Im CALL INTERP (WCS, 0005, 0256, NEXA, 0064), WCS is the name of the contro! 
memory, 4 and 256 are one and two dimensional WCS lengths, NEXA is the con- 
trol memory address, and 64 is the microfield length. One can obtain from 

this routine the microinstruction that has NEXA as its address and the vilues 
of the various fields, the expression format in the routine being: 


C = MOOD(T) 


where C is a predetermined field name, MCOD(N) is the array of field variables 


in memory N, and I indicates the ordinal field I of C. 


Somewhat more complicated is setting up call statements for hardware module 
function subroutines, where one problem is in the horizontal microinstruc- 
tion tormat, when a microinstruction includes several microcommands, but 
where within one microinstruction there is only one effective microcommand 
in a tield. Therefore, the number of microcommands that can be executed 
within a microinstruction corresponds to the number of fields. However, 
within a microcvcle, execution of a microcommand in each microinstruction 
has a fixed sequence. This sequence determines the sequence of function 
subroutine call statements, but that is connected with the microstructure. 
To resolve this problem, we reserved a field name input port in the genera- 
tion routines for the user to enter the field names one by one based on the 
sequence in which each field is executed. In this way, he can set up cor- 
responding subroutine call statements, the second problem is with the 
establishment of call statements, after field names have been input and the 
structure data tables are searched for data names. Using the example above, 
after the field name C has been input the structure table is checked (see 
Figure 4), which finds the data item LOPF for type C, and with LOPF the 

data item ISM as the name of the function subroutine. With that we can 

find the subroutine name ALU, and then with ALU data items IPF, IPN, LOPF, 
LOPN, LCPF, LUCPN and their corresponding input variable, output variable, 
and control variable address tables ITAB, LOTAB, and LCTAB, we can then find 
these variable names. They are real elements of call statements, correspond- 
ing completely to subroutine dummy elements. The call statement we would get 
from the example above is: 


CALL ALU (X, Y, Z, C) 


Also, after each microinstruction executes. the trace table should be accessed 


to fill into the trace table the variable value that is recorded in the trace 
table, which makes for easier handling of trace routines. 


What appear above are the basic principles and methodology behind our design 
of routines that automatically generate mapping of hardware structure and 
call statements, and by using them one can automatically generate GMSS por- 
tions that are directly related to hardware structure, which gives both a 
universality and a convenient structure to GMSS. 
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IV. CADSMDS App! ic iti Tis 


We have used a simple modular CPU made up of Am2901"s and an Am2010 as an 
example to show how to describe and simulate it using CADSMDS, the schematic 
for this machine appearing here as Figure 5. We constructed a 16 bit comple- 
ment arithmetic data processor from Am2901's, the Am2010 is the sequential! 
controller for the control memory WCS (i.e., the lower address cenerat in 


circuit), the Am2922 is controlled bv the microninstruction conditional] 
test field TSCND, and it selects processor state conditions and generates 
control condition CC for the am2910. The mult iple x switch MUXD is used in 


selection of input data for the Am2910. Please see documents’*’ for relevant 
device funct ions and structures. There is a control! ine signal on either side 
of each hardware module block in Figure 5, which correspond to microinstruc- 
tion fields, and above and below these are input/output signals. The micro- 
instruction format for this model computer are defined in Figure 6. 
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Figure 5. CPU Block Diagram of a Model Computer 
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Figure 6. Microinstruction Format for a Model Computer 


We have simulated and tested the basic functions of the model computer on 
the CADSMDS system, but only show the simulation process for a 1]l6-bit inte- 
ger multiplication microprogram as an example. The microassembler program 
for this program is shown in Figure ; [If the CADSMDS system for this svs- 
tem had already been provided, then the name of the source program in 

Figure 7 would first be the input of the microassembler translator program, 


iT 
> 
; 


by which could then be generated the corresponding mic-o object code file. 
Then recall the GMSS, the input for which is the name of this object file. 
It loads the micro object program into the controller memory WCS, after which 
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the simulation system begins its interactive state. Using the system con- 
mands, it then places the multiplier and the operand into registers © and 
RAMI], respectively, before initislizing the microprogram with the initial- 
izing command. The two numbers in registers © and RAMI are multiplied in 
the arithmetic unit Am2901 under control of the microprogram. The lower 16 
bits of the product are in ©Q and the higher 16 bits are in RAM2, the speci- 
fic process tor which, please see Appendix 1. We provide in Appendix 2 a 
portion of source code and the hardware mapping and scheduling routines thus 
produced for reference. 


* Loc 100 
RBZ RSOB AND FBFY INC; ! R2 = O 
MNAD CLDCT 15 
LOOP: MNAD 00 CJS (MJP); 
RA] RB2 RSAB ADD FBFY INC; 
MJP: RAZ RB2 RSAB OR SRFO MNAD RPCT (LOOP); 
JZ 


* END 


Figure 7. Microprogram for Integer Multiplication 


V. Conclusions 


We feel that with the development of LSI circuits research into exploiting 
register transfer level design automation for digital systems is very sig- 
nificant for both digital systems structure design and for teaching. Our 
work in these areas has been limited. This article briefly described the 
basic design theory and methodology of CADSMDS, a computer-aided design 
system for microprogrammed digital systems, as well as basic results that 
have been achieved. Due to limitations in our expertise, experience, and 
working conditions, if there are inaccuracies, please convey them to the 
author. 
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Execution Process of Multiplication Method in the Simulator 


PLEASE INPUT FILE NAME OF GLOBAL TABLE 


PLEASE INPUT FILE NAME OF MICROCODE 


cc ; " 
DB ‘ 

STAT ? e 
DBUS i3 ¢ 
STACK i? 5 
CAR 23 : 
Q 27 i) 
Y 29 ° 
CNTR 31 t) 
RAM 6 6 
NEXA rT) 0 
wes as 256 
STP 49 0 
00000000 9000011! 90011061 
2000000) 00000000 20000000 
1000000: 00000000 00000000 
20000000 00000110 0000100 
00000001 96001000 11001001 
20000000 00000000 00000000 
INPUT COMMAND 

Q (1, 1) 21664 

Q (1, 3)© 32 


INPUT COMMAND 
RAM (i, 1) 031426 
RAM (1, ld] 32 
INPUT COMMAND 
INPUT COMMAND 
Q (1, 1)©1024 
INPUT COMMAND 
RAM (1, 1)* 33 
RAM (1, 1)® 11 
INPUT COMMAND 
INPUT COMMAND 


Q (il, 1)@=-11266 


INPUT COMMAND 


Note: 


Note: 


11100000 00000000 ©8©=— 100 
11000000 90001111 101 
00010000 01101000 102 
11100000 90000000 163 
10010000 01100110 104 
00000000 00000000 = 108 
32x32=1024 


1024x(-11)*-11264 
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Appendix 2. Hardware Mapping and Scheduling Routines of the Simulator 
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SUBROUTINE SSIM 
INTEGER CC, DB. STAT. DBUS. STACK cooes), CAR, W.Y. CNTR, RAM coor) .NEXA 
. WCS (e004, ose). STP 

INTEGER CON, NAD. SRTY, TSCND. MRA. MRB, INALU, MAKUP, MOUT, MC, 
COMMON /‘TR/NSue, NAuo),. NBao, NV coe) /MC/MCODcs) 


CALL LOADM (WCS, 004, 9256) 
NEXA « 5 

CALL DIAL cIC, IP, 3Q, IR) 

IF (JC.NE.ts) GOTO ; 


GOTO (6S31. 9568. 0903. 05046. 9508. 2S56. oSd7. C509. OS09. 9516. S511. oSi2. 9513). J 
CALL OPENP (CC, oo6i. s001. JQ, JR. o001) 
GOTO is 

CALL OPENP «DB, o001. 9001. JC, JR, 2002) 
COTO i 

CALL OPENP (STAT. 9001, 9001. JQ, JR, 2903) 
GOTO 1 

CALL OPENP «DBUS, 9001. 9001, JQ. IR. 004) 
GOTO 1 

CALL OPENP (STACK, 9001, 9005, JQ, JR. 9005) 
GOTO 16 

CALL OPENP «CAR, 9001. 9001. JQ, JR, s006) 
GOTO 19 

CALL OPENP (Q, 2001, 9001. JQ, IR. oer) 
GOTO 10 

CALL OPENP <Y. 0061, coer, 3Q, IR, s008) 
GOTO 10 

CALL OPENP (CNTR, 9001. 9001, JQ, JR, o009 
GOTO 16 

CALL OPENP (RAM, coo, 016. JQ, IR. 010) 
GOTO 19 

CALL OPENP (NEXA. 0001. 9001. JG, JR. O01) 
GOTO ie 

CALL OPENP (WCS, oo04. 0256. 1Q, IR. v012) 
GOTO w 

CALLOPENP «STP. 9001. s001. JQ, JR. oo13) 
GOTO 10 


IF (JC.NE.71.AND.JC.NE.43) GOTO io 

IF (NEXA,NE, 9) GOTO: 

NEXA «JQ 

KRe; 

CALL INTERP (WCS, »s004, 0256, NEXA, 9964) 
CON «= MCOD (0001) 
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0701 


0702 


0703 


07064 


0705 


0706 


0707 


0708 


0709 


e710 


e711 


NAD=MCOD (0002) 
BRTY =MCOD (0003) 


TSCND =MCOD  o00« 


MRA=MCOD (0005) 
MRB =MCOD (0008) 


INALU «MCOD ‘0007) 
MALUPF «= MCOD (oes) 


MOUT «MCOD  ooes) 
MCI «MCOD (0619) 
MEY «MCOD (0011) 


INR «= MCOD (0012) 
INQ s MCOD (0033) 


MDBUS «= MCOD <o01,4) 
CALL Azeei (DB. ¥.Q, RAM, MRA, MRB, INALU. MALUF, MOUT, MEY) 


CALL Azezz «Q, STAT, CC, TSCND) 


CALL MUXD «CAR, NAD. NRD. DBUS, MDBUS) 
CALL Azeie (DBUS. NEXA. CNTR. STACK, STP. CAR. BRTY, CC) 


DO 201 Kei. 10 


IF (NS(K).FQ.- 1 )GOTO 201 


L «= NS(K) 
KA @ NA(K) 
KB« NB«K) 


GOTOo701 ,0702, 0703, 0704, 0705 ,.0706, 0707 ,0708,0709,0710,0711 ,0713,0713) .L 


NV (K) «CC 
GOTO 201 

NV (K) «DB 
GOTO 201 
NV(K) «STAT 
GOTO 20: 
NV(K) «= DBUS 
GOTO 20: 
NV(K) eSTACK (KA) 
GOTO 201 
NV(K) «CAR 
GOTO 201 
NV(K) «Q 
GOTO 201 
NV(K) «¥ 
GOTO 201 
NV(K) «CNTR 
GOTO 201 

NV (K) « RAM(KA) 
GOTO 201 
NV<(K) = NEXA 
GOTO 201 
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NV (K) = WCS(KB,KA) 
GOTO 201 

NV(K) =STP 

GOTO 201 

CONTINUE 

KR<«KR- i 

CALL TRACEc<KR) 

CALL BREAK(NEXA, IT) 
IFdT, EQ. 1)GOTO 10 
IF(NEXA, NE, O, AND, JC, EQ, 71)GOTO 99 
IF(NEXA, NE, 0)GOTO 10 
RETURN 

END 


12586/9365 


CSO: 


4008/1068 
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APPLIED SCIENCES 


FAULT DIAGNOSTIC TECHNIQUES , DIAGNOSTIC INSTRUMENT 


Shenyang XIAOXING WEIXING JISUANJI XITONG [MINI-MICRO SYSTEMS] in Chinese 
No 5, 8 May 85 pp 28-35, 6 


[Article by Qian Xianggen [6929 4382 2704] and Zhu Aiping [2612 1947 1627]: "A 
NewTechnique for Fault Diagnosis in Microcomputer Systems*: The Dynamic 
Simulation--Signature Analysis Technique"**] 


[Text] Abstract: A new method is presented for use in fault diagnosis in 
microcomputer systems--the dynamic simulation method. This method is simple 
and easy to implement. This method is combined with the "signature analysis" 
method to realize registration of microcomputer system faults. Also intro- 
duced is a unique method used for checking information flow through circuit 
nodes, and a “hypothetical model for measured microcomputer information flow" 
and a method of calculation for fault trace registration are discussed. 

These techniques were used to develop a "portable tool for microcomputer 
system diagnosis,” which is available for use. 


Il. Introduction 


When a digital system is in operation, if the system exhibits capabilities 
that are not the same as its design provisions, this can lead to mistaken 
results, and people then say that the system is faulty. One must then test 
to discover the fault. Normally, there are two kinds of testing: one kind 
simply distinguishes between good and bad, which is called "detection." 

The other kind of test is called "diagnosis," which not only provides a 
determinate response regarding whether or not there are faults in the cir- 
cuit, but goes further by determining the position of the faults. Obvious- 
ly, the level of difficulty for the latter is much greater than that of the 
former. 


Early digital systems relied chiefly upon manual fault searching, which made 
for a great dependence on the skill levels and experience of people in the 
profession. With the expansion in scale and increase of complexity of digi- 
tal systems, manual diagnosis has gradually been replaced by machine diagno- 
sis, which has given rise to diagnostic theory. 





*By “fault,” in this paper we refer to hardware faults. 
**Xu Suluan [1776 4790 7762], Li Yan [2621 3508], and Zhong Yuechun [6988 
1471 2504] all participated in this research. 
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To implement machine diagnosis we must first establish logical fault models. 
Actual practice has shown that the following logical fault models can be 
successful: 





permanent faults fixed faults (stick-at-zero, stick-at-one) 
(hardware faults) diode shorting faults 

in-line bridge faults 

pattern sensitive faults in RAM 


intermittent these are largely caused by critical timing, noise, 
faults tolerances too close, and aging, and will only 
(software faults) appear as tault characteristics under certain 


conditions. However, many faults among them will 
eventually become hardware faults. 


Currently, fault diagnostic techniques for combinational logic circuits are 
rather mature. There are already channel sensitizing, the Boolean difference 
method, the star algorithm, and the D algorithm that can be used in actual 
diagnosis. What these methods study and resolve are the first three types of 
faults among the permanent faults above. Compared with combinational cir- 
cuits, diagnostic theory and methods for sequential circuits are still 
immature. 


The appearance of LSI, of which microprocessors are an example, has defi- 
nitely brought with it many advantages, but it has also brought new and 
enormous difficulties for the fault analysis of digital systems. This is 
because on the one hand circuit structures for LSI and systems composed of 
LSI are so complicated and their fault modes are not easy to establish. On 
the other hand, there are a limited number of LSI leads, which greatly 
reduces the controllability and observability of faults. As for microcom- 
puters composed of LSI, we can generally only test their checking capabili- 
ties to a certain degree. If we wanted to carry out complete logical test- 
ing, that just cannot be done with current technology. As Bitton? points 
out, complete testing of a microprocessor chip would require 10’* years. 

if we were to suitably check the question of pattern sensitivity, it would 
take 10°°°°° years. 


Currently, and aside from a small number of companies that manufacture micro- 
computer systems in large quantities using complicated and expensive special - 
ized advanced testing systems (for different measured systems or printed 
circuit boards different specialized hardware interfaces and support software 
must be designed) to diagnose faults, many manufacturing plants and companies, 
and users, make use of various function modules of self-checking programmed 
testing systems, so fault registration still relies upon manual inspection. 


This paper discusses the theories of dynamic simulation techniques and signa- 
ture analysis techniques, as well as a method for integrating the two to 
implement microcomputer system fault diagnosis. This paper also discusses 

the “hypothetical model for measured microcomputer information flow" that we 
have proposed, and a unique testing method for circuit node information flow-- 
two different directions (indicating the direction toward the CPU and its 


25 








opposite) testing circuit node information flow, and fault tracing and 
registration algorithms that derive from this. As an example, we have also 
introduced a new instrument: a portable general use instrument for microcom- 
puter system fault analysis. The cost of this instrument is twice that of 
ordinary single board computers, and it can itself be used as an ordinary 
computer. This instrument can be used to set up signature dictionaries and 
fault diagnostic techniques for measured microcomputer systems, andthen go 
on to guide maintenance and debugging personnel to fault tracing and regis- 
tration of the measured system. In the early stages of microcomputer system 
development, this instrument can be used as a simple simulator for hardware 
development, consequently allowing developers to escape the difficulty to 
debug and test system hardware prior to the production of monitor and other 
software. 


Il. Dynamic Simulation Diagnosis Techniques for Microprocessor Svstems 
: o i } 


As we said above, when investigating microcomputer system faults, self- 
checking is usually an effective method. However, there are two deficiencies 
when self-checking methods do fault checking on microcomputer systems. First, 
when there is a fault in the system "internal check” (see Figure 1) that leads 
to system paralysis, the self-check routines completely lose their effective- 
ness. Secondly, self-checking methods have difficulties in implementing tault 
registration. The dynamic simulation method can test for taults, whether the 
measured system “internal check" is right or not, and can combine as well with 
signature techniques to implement fault registration. 
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Figure 1. The Basic Structure of Microprocessor Systems 


We first explain the principles of dynamic simulation techniques as follows: 


We can divide any microcomputer system hardware into two parts, the C?’U and 
non-CPU. [In this paper microcomputer systems are assumed to have single 
CPU's] Among those, the non-CPU portion includes all parts other than the 
CPU. Obviously, any fault in a microcomputer system can be summed up as 
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Dynamic simulation techniques offer complete control of the non-CPU part 

the measured system. This feature allows single beat mode cf operation for 
the measured system (similar to that on minicomputers). We can use this 
function to make the measured system execute step by step various operations 
as determined by the relevant instructions, which conveniently checks various 
devices in the system and circuit functions and states to see if they are 
correct. When developing hardware for microcomputer systems or examining 
repairing faults, one can first run the dynamic simulation routines to see} 
out faulty modules, then, single step through the smaller number of instruc- 
tions to find the fault. 


lll. Signature Techniques 


This is a data compression technique based on CRC principles. The signatures 
concept was formed during repair of faulty digital systems. 


People have done much research on the various characteristics of using PRBS( 
(pseudo random binary sequence generator) implemented with linear feedback 
shitt registers, and have come up with several beneficial results. One ot 
the characteristics of PRBSG's that have drawn people's attention is the 
repeatability of its generation of PRBS, thatis, it is a characteristic in 
which PRBS periodically appear in the PRBSG output sequences. We know that 
any linear feedback shift register corresponds to a characteristic polynomial. 
The longest nonrepeating series produced by ann order lineat shift (i.e., 
the longest duration) is 2"-1, At that time, the characteristic polynomial 
for that linear feedback shift regiscer is certain co be the primitive poly- 
nomial. 


Figure 3 has an example of a PRBSG formed by a fourth order feedback shift 
register. The characteristic polynomial for this PRBSGC is X° +X #1 (thi 
is a primitive polynomial; the feedback polynomial is X° +X +1. The length 
of the nonrepeating series produced by this PRBSC is 2°-1. Adding a binary 
data flow in peripheral output mode to the PRBSG, we can then link up the 
binary number series to the peripheral data flow (see Figure 4). This 
peripheral data ftlow disturbs the internal series of the PRBSC, producing a 
new binary number series. 


After passing a binary data flow D of m bits through an m beat clock into a 
PRBSG, the remainder in the PRBSG is called the signature of D in the PRBSC. 
Now, to analyze the properties of the signature: 


Let L be an n order linear feedback shift register with a longest duration o! 
2°41, then its characteristic polynomial is F(X). Let X,Y be two random 
binary data flows of m bits, and R(Y) and R(Z), respectively, be the sipgna- 
tures when in L. Actually, R(Y) and R(Z), respectively, are the remainders 
obtained after dividing Y and Z by F(X). It can be shown that when R(Y) 
R(Z), the probability of Y = Z is 


=F 


Probability = 1 - ———- 
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>> n, for example, when m = 100 and n = 16, 


1/2" = 99.998 percent, that is the accuracy of using the 


signature to distinguish data flows is very high, and also, the probability 
signature 


is very slicht. 





This 








property can be used in fault diagnosis of digital 
test tor the signatures of several! 


. ~ 1? . ’ fz 
systems. ne can iirst 


circuit nodes in a microcomputer syste 


- 


when operations are normal, establishing a signature dictionary. When t! 


system experiences problems, if the signature of a node is different from 


its normal value, then it can be determined that t 
this node is abnormal. Of course, this certainly 
is a fault at this node. To find the location of 


he information flow throu 
does not signify that there 
the true fault, fault trac 


ing and registration must be undertaken through previously designed fault dia 


nostic tree and previously tested signature dictionary. 


IV. Principles and Compositionof the PUFDI 


The PUFDI (Portable Universal Microcomputer Svstem Fault Diagnostic Instru- 


ment) is made up of two parts, the dynamic simlat 
analyzer. The former includes a mirocomputer and 


or and the signature 
intertace circuits tor the 


microcomputer systems to be measured. PUFDI is supported through a dynamic 
simulation package. In it, there are several] simulation routines. The user 


can use these simulation routines to conveniently 


develop hardware or do 


dynamic simulation diagnosis of the measured microcomputer system. 


For example, if vou want to do a write, read data 


qr « heck on the RAM cells 


a system from the address abcd to the address efgh, vou need only to run the 


following algorithm process on the dynamic simulat 


Procedure TESTRAM 

DATA+—ar 

for L=abed to cigh do. 
call subroutine WRAM 

next I 

for L=abcd to elgh dc. 
call subroutine RRAM 
if DATA qr then EXIT 
next I 

end (of TESTRAM) 


Therein, a,b,c,d,e,f,2,h,q, and r are all hexadeci 
the dynamic simulation subroutine WRAM is to write 
the I cell of the internal memory of the measured 

“ ’ 


the dynamic simulation subroutine RRAM is to reas 
in system memory into DATA. 


To test for the signature, the dynamic simulation 
a “time window" control signal and many necessary 
nature analyzer. These clock signals are used by 
CP pulses for the linear feedback shift register. 
forms of the time window, the clock, and the measu 
binary data flow collected (acting as peripheral i 
back shift register). 
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Figure 5. Signal Waveform Chart 


We can see from Figure 5 that the signature tested from any circuit node opens 
1 timed interval in the “time window" (a window is level 1), and then the 
Signature of the binary data flow is sampled using the CLOCK signal. 


See Figure 6 for the key diagram of the signature analyzer. In that, PRBSG 
is tormed by a 16th order linear feedback shift register with a characteris- 
tic polynomial of x'® + x?°4 x*+ xX’ +1. The feedback polynomial is 

xi +x? +X’ + X* +41. This is the longest PRBS generator for a feedback 
bit interval to be uneven. To make the binary data series whose signatures 
are mistaken as far apart as possible, and also to take into consideration 
whether the microcomputer normally uses repeated patterns of four or eight 
bits when doing its checking, it then selects a linear feedback shift regis- 
ter from among the 2048 16th order linear shift registers that will possibly 
wenerate the longest PRBSC. 


In ligure 6, the function of the unstable lamp is to indicate when there is 
in unstable operations fault at the measured circuit node. 
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Figure 6. Key Diagram for the Signature Analyzer 
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Figure 7. Flowchart for Diagnosing Faults on a Microcomputer System 


In the figure, the structure of the diagnosis routine is as follows: 


Procedure DIAGNS 
repeat: feat subroutine OPENWINDOW; 
call procedure TEST 
call subroutine CLOSEWINDOW 


end (of DIAGNS) 


Here, procedure TEST is an algorithm procedure that uses dynamic simulation 
routines written to diagnose faults on the measured system. In the dynamic 
simulation subroutine we have already set up the necessary clock generation 
commands to test for the signature. This does not then need to be considered 
again when writing the algorithm procedures for dynamic simulation diagnosis. 


The algorithm procedure DIAGNS runs in the endless loop mode, and is conse- 
quently able to repeatedly test any circuit node for the signature each t im 
the time window is open. 


All one needs to do to set up a signature cictionary for measured systems is 
to connect the PUFDI and the measured system during normal operation and run 
dynamic simulation diagnosis routines, and then gather several signatures 
from appropriate circuit nodes and record them. 


Before discussing fault tracing algorithms, we first introduce the following 
two terms: 


Input Data Flow--the data flow through any circuit node in a microcomputer 
system, where when the direction of this flow is into the CPU, this data 
flow is called the input data flow, or IDF for short. 
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Output Data Flow--a non-input data flow at any circuit node in a microcomputer 
system is called output data flow, or ODF for short. Obviously, the flow 
direction of ODF"s in the majority of circuit nodes is going to be out of the 
CPU. As for those ODF's at circuit nodes with little relation to the CPU, we 
have determined that their flow direction is the actual flow direction of the 
data ft low. 


When doing fault testing by running self-testing routines on microcomputer 
systems, component or line faults in the system wiil not only affect the 
accurate execution of certain instructions themselves, but could also affect 
the instruction series. The average self-test program must execute tens of 
thousdands of instructions, so we do not currently use self{-testing routines 
as fault registration algorithms. On this point, the fault diagnosis method 
that we used combining dynamic simulation with signature analysis techniques 
has an obvious superiority. When we were desigring the dynamic simulation 
routines, we resolved the following two points: (a) when dynamic simulation 
routines are running, program flow is not affected by the measured systen. 
(b) We can use the signature analyzer to separately test for ODF and IDF in 
111 circuit nodes in the measured system. This way, when we are using PUFDI 
for tault diagnosis on a particular module in the measured system, if that 
module has a fault to the extent that it leads to an abnormal ODF on certain 
circuit nodes, then this will naturally lead to a corresponding abnormal ID! 
between the ODF and certain circuit nodes on the IDF path of this module. 
However, the converse is not true. This characteristic allowed us to be 
able to develop the “fault tracing and registration algorithm.” 


flo make it easier to describe the “fault tracing and registration algorithm,” 
(also, the “fault diagnostic technique and signature dictionary generation 
ileorithm"), we will first set up a measured microcomputer system data flow 


model as follows: 


& ‘namic 


simu! at or! 
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CPL_socket | 
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Fieure 8. Hypothetical Model for Data Flow of Measured Computer 
System 


In the figure, each solid line rectangle represents circuit components, each 
of which has two terminals. When running a certain dynamic simulation diag- 
nostic routine P on a dynamic simulator, and testing a measured system with- 
out faults, the IDF and ODF are determined as they flow through any two 
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terminals of component E in the measured system (actually, what we mean by 
IDF and ODF here is the IDF and ODF when the time window in the diagnostic 

. , E -E ; , - 
program is opened). We use — and fio? respectively, to represent the ID! 
, : ; : a , 
flowing into and out of component E at this time; we use fol and f 
respectively, to represent the ODF. 


When using the same routine P to retest the measured system above (or when 

testing another system of identical model), we add an asterisk to the upper 

left of the symbols above to represent the corresponding data flow through 

component E at this time. We have, then, the following standard of identi- 
fication: 


(a) *f Moo if and only if “£51 to V, where component damage V is a 


short at node B in component E (see Figure 9). 


(ob) fe wee, ag and only if: #© a® y a¢® gt 
10 610 OI 10 Ir Ly 
damage V is a short at node A of component E (see Figure 9). 


f V, where component E's 








ODF djrection IDF direction 
‘ ‘ J 
ai ° a! © 
= 
| tt 5 C 
; igure 9. 


Based on the standard of identification above, the “algorithm for fault 
tracing and registration” obtained is shown in Ficure 10: 
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we have already expanded application of the algorithm above to actual micro- 
puter systems. Because of the length of our paper, we will not describe 


it turther. 
vi. Conclusion 


This paper has discussed the principles and methodology of implementing 
microcomputer system fault diagnostics through a combination of dynamic 
imulation techniques and signature analysis techniques. Currently domes- 
ic and foreign microcomputer systems are developing enormously. In com- 
parison with this, the development of microcomputer system fault diagnostic 
techniques and tools has been slower. Looking at this from our domestic 
sitwation, it is even more true. The PUFDI that we have discussed in this 
iper can be used for microcomputer system development and production, and 
for use by units as a tool for debugging, production, and maintenance. 
Now that we can use the PUFDI to write fault diagnostics and signature dic- 
tionaries for a particular microcomputer applications system, then, be it 


eroduction tactory or agent, or the user, the PUFDI has many advantages. 
Jc used the PUFDI to make practical tests on a microcomputer applications 


svstem with an 5080 CPU. Dealing first with the hardware development stage 
this svstem (the monitor, etc., had not been developed), we checked the 
hardware parts of the measured system using PUFDI, even eliminating a fault 
due to a damaged RAM chip, using the single step operation. Then, when the 
‘tem was working normally we set up fault diagnostics and a signature 
dictionary, before asking the system designers to establish several perma- 
nent faults, after which we did fault tracing and registration operations 
strictly following the fault diagnostics and signature dictionary. The 


results were that each fault was accurately recistered within a few minutes. 
This has prelim‘. arily shown that the methods described in this pereor will 


a tT? . 


* course, because the dynamic simulation techniques that we use at present 
ire implemented based upon a single board computer simulating the CPU of the 
measured system, that means that under dynamic simulation the operational 
speed of the measured system decresses. tlowever, as Teradyne’ and Chen, et 
al. point out, the majority of faults in logic components in a microcomputer 
system will appear in a static state, and what is more, many intermittent 
ults will finally become permanent faults. Therefore, PUFDI is no less 


an effective tool for microcomputer system fault diagnosis. 


Obviously, the techniques discussed in this paper are completely suitable in 
plans r dvnamic simulators in fast computers, too. In this situation, one 
in do high speed dynamic simulation and fault diagnosis of measured micro- 


: : > 


computer svstems. 
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MICROCOMPUTER APPLICATIONS IN HEAT TREATMENT FIELD 


Beijing JINSHU RECHULI [HEAT TREATMENT OF METALS] in Chinese No 10, Oct 85 
pp 3-9 


(English abstract of article by Yan Chengpei [7051 2110 3099] of Beijinz 
Electromechanical Institute, Ministry of Machine Building Industry} 


i\Text] A brief history of the development and major applications of micro- 
computers in the field of heat treatment is given. By means of a number of 
typical cases in China and abroad, the application and development of 
microcomputers are described. Included are computer-aided design (CAD) for 
calculations, data processing and predicting properties after heat treatment, 
controlling and monitoring of the heat treatment processes, the study of 
mathematical models, microcomputer-assisted calculations and management in 
the process of heat treatment, multiple controlled microcomputer systems and 
microcomputer digital simulation technology. Lastly, the application pros- 
pects and the current development of the microcomputer in the heat treatment 
field are discussed. 
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MICROPROCESSOR SYSTEM CONTROLLING GAS CARBURIZING PROCESS 


Beijing JINSHU RECHULI [HEAT TREATMENT OF METALS] in Chinese No 10, Oct 8&5 
pp 9-18 


[English abstract of article by Gu Baikui [7357 4102 2247], et al., of the 
Third Design Research Institute, Ministry of Machine Building Industry] 


[Text] A microcomputer System based on a [Cromemco] Z-80 Single board 
computer for controlling the gas carburizing process is discussed. The 
system has 7 analog input and output ports, 24 switchable digital input ports 
and 12 switchable digital output ports, applicable for temperature, carbon 
potential, and mechanical movement control of a multi-purpose sealed furnace, 
or tor multiple zone temperature, carbon potential, mecuanical movement 
control of a continuous gas carburizing furnace, or distributed control of a 
pit type carburizing furnace. The set points of various control variables, 
such as treatment time, temperature, carbon potential of the carburizing 
period, carbon potential in the diffusion period, depth of the carburizing 
layer, and parameters (P, I, D), etc., are entered by keyboard and stored into 
memory, and actual values are displayed by digital tubes. Furthermore, with 
regard to failing thermocouple, failing oxygen probe, failing infrared CO, 
analyzer, carbon potential or temperature exceeding the setting value, as well 
as when the process begins, cancels or ends, these are either displayed or 
alarmed. 


[he system is based on a mathematical model with three variables, i.e., either 
CO,, CO and temperature or 0,, CO, and temperature, so as to control the 
carbon potential. Temperature is regulated and controlled by the P I D 
mathematical model. This model is written in assembly language on 2716 EPROM 
memories. 


fhe structure of hardware and the block diagrams are presented. The software 
design principles and operating instructions are explained. This system has 
been applied to a 12kW electrically heated tube furnace and to control of 
the carburation process of piston pins of diesel engines in a 35kW pit type 
was carburizing turnace. The results are excellent. 
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PLASMA CARBURIZING EXPERIMENTS AND COMPUTER DIGITAL SIMULATION 


Beijing JINSHU RECHULI [HEAT TREATMENT OF METALS] in Chinese No 10, Oct 85 
pp 18-25 


(English abstract of article by Gao Xiaojie [7559 1420 2212], et al., of 
Beijing Industrial University] 

(Text) The dynamics of plasma carburizing and technology parameters are 
discussed based on the results of experiments. A mathematical model for 
predicting the carbon concentration profiles of plasma carburizing steel 


is constructed and the digital simulation is carried out with a TP-803 
microcomputer. 
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MICROCOMPUTER CONTROLLED NITRIDING 


Beijing JINSHU RECHULI [HEAT TREATMENT OF METALS] in Chinese No 10, Oct 85 
pp 25-35 


L\English abstract of article by Hu Ming juan [5170 2494 1227], et al., of 
Shanghai Jiaotong University] 


[Text] A mathematical model is suggested that provides a theoretical 
foundation for overcoming the technical disadvantages in controlled nitriding 
which include slow nitriding rate, shallow effective hardness penetration and 
poor reproducibility. On this basis, CAD for the controlled nitriding process, 
the microcomputer system for nitrogen potential control, and the microcomputer: 
controlled nitriding process have been developed. Experiments showed th: 


Superiority of controlled nitriding with a microcomputer using the mathematical 
model at optimum diffusion conditions. [It is able to improve microstructures 
and properties of the nitriding layer and to hold a high nitriding rate. This 


process has reproducibility sufficient for industrial practice. 
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RELATIONSHIP BETWEEN CARBON POTENTIAL AND COMPOSITION OF FURNACE ATMOSPHERE 
IN DROP-FEEDING CARBURIZING PROCESS 


Beijing JINSHU RECHULI [HEAT TREATMENT OF METALS] in Chinese No 10, Oct 85 
pp 35-41 


[English abstract of article by Zhao Gaoyang [6392 7559 2254], et al... of 
Shaanxi Mechanical Institute] 


[Text] Drop-feeding carburizing experiments were conducted with methanol- 
acetone drop-feeding agent, and the composition of the furnace atmosphere was 
comprehensively analyzed by a gas chromatograph. According to the experimental 
results, the relationships between carbon potential and composition of the 
furnace atmosphere and the relationships among composition of furnace 
atmosphere were studied by the theory of mathematical statistics. A relation- 
ship between carbon potential and composition of furnace atmosphere was 
obtained and the assessment of methods for controlling carbon potential 

was discussed. 
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Computer Development, Application IPRS-CST-86-018 
12 May '986 


FUNCTIONAL AND DECOMPOSITLONAL PROGRAMMING 


Nanjing NANJING CONGXUEYUAN XUEBAO [JOURNAL OF NANJING INSTITUTE OF TECHNOLOGY|] 
in Chinese Vol 16 No 1, 20 Jan 86 pp 103-112 


[English abstract of article by Cheng Zhengchao [4453 2973 3390] of the 
Department of Computer Science and Engineering, Nanjing Institute of 
Technology] 


[Text] A functional and decompositional programming approach is presented in 
this paper. The structures of program modules and relationships between the 
modules can be formally described by this approach. The descriptions are 
formal enough for directly processing, generating the code with existing 
programming languages and automatically verifying the correctness of the 
descriptions by computers. For this reason, if it is used as an approach to 
describe the specifications in the software design stage, the productivity of 
software development can be improved and higher reliability of software 
products may be expected. (Paper received 24 November 1984.) 


REFERENCES 

| Jackson, M \.: Prin pls of Program Desien, London, Acade: 
Press, 1975. 

2 Backu J Lan pre ated from tt mane 

\ fu id lee! of pro 

LCM, Vol. 21, Na 8 1978: ¢ 641 

5 Katayama, re: HEP: A hierarct i} and functional programn 
based on attribute grammar. Proc. Sth Int. Conf. on Software Er 


9717 
CSO: 4009/1036 





Electronics 


A MICROSTRIP EQUALIZER FOR TWIT AMPLIFIER 


Nanjing NANJING GONGXUEYUAN XUEBAO [JOURNAL OF NANJINCG INSTITUTE OF TECHNOLOGY | 
in Chinese Vol 16 No 1, 20 Jan 86 pp 71-77 


[English abstract of article by Zhang Guoxing [1728 0948 5281], et al., of 
the Research Institute of Electronics] 


(Text) Results referring to research on a reflection-type equalizer are 
presented. It is used as an external element in a TWIT amplifier and constructed 
by microstrip line. The theoretical and experimental study is focused on 

two kinds of configurations--one consists of a 90-degree hybrid coupler and 

a particular reflective circuit, while the other could be designed with a 
low-loss circular instead of the coupler. 


After appropriate adjustment, the final figures are: stage balance 5 db at 
bandwidth of 3.5-7.5 GHz, 10-15 dB for 7.0-11.0 GHz, insertion loss 0.5- 

1.0 dB. When it is comnected with a TWI, the maximum gain variation in Tw! 
could be reduced from 10 dB to 5 dB. As a small element it could also be used 
im microwave integrated circuits. (Paper received 28 December 1984.) 
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JPRS+CST-86-018 


Engineering 12 May 1986 


ANALYSIS OF GYROMOTOR VIBRATION BY FINITE ELEMENT METHOD 


Nanjing NANJING GONGXUEYUAN XUEBAO [JOURNAL OF NANJING INSTITUTE OF TECHNOLOGY | 
in Chinese Vol 16 No 1, 20 Jan 86 pp 1-9 


(English abstract of article by Wan Dejun [8001 1795 6874], et al., of the 
Department of Automatic Control] 


_Text] In this paper the mechanical models of gyromotors are established by 
virtue of the finite element method, and the method for calculating their 
natural frequencies is presented which takes into account the effects of 
axial loads, leastic supports and shearing function. A diameter conversion 
method of step-section and a general program for calculating the natural 
frequencies of gyromotors with ball bearings and stationary shafts are 
provided. The calculated results for a practical example are consistent 
with the experimental data. (Paper received 7 May 1985.) 
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MICROPROCESSOR CONTROL SYSTEM FOR WOOLLEN SWEATER JACQUARD LOOM 


Nanjing NANJING GONGXUEYUAN XUEBAO [JOURNAL OF NANJING INSTITUTE OF TECHNOLOGY| 
in Chinese Vol 16 No 1, 20 Jan 86 pp 97-102 


{English abstract of article by Chen Weinan [7115 4850 0589], et al., of th 
Department of Automatic Control, Nanjing Institute of Technology] 


[Text] We have developed a new microprocessor control system for the woollen 
sweater jacquard loom. The principle, main features, enlarged interface and 
program flow diagram of the control system are described in this paper. The 
paper also gives a brief description of the performance and technological flow 


of the automatic jacquard loom. (Paper received 14 December 1984.) 
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JPRS-CST-86-018 
i2 May 1986 
Mathematics 


HYBRID FINITE ELEMENT ANALYSIS FOR INCREMENTARY THERMAL ELASTIC-PLASTIC 
PROSLEM 


Nan jing NANJING GONCXUEYUAN XUEBAO [JOURNAL OF NANJING INSTITUTE OF TECHNOLOGY] 
in Chinese Vol 16 No 1, 20 Jan 86 pp 78-86 


lineglish abstract of article by Li Zhaoxia [2621 0340 7209), et al., of the 
Department of Mathematics and Mechanics] 





[Text] On grounds of the modified ircrementary principle of complementary 
energy, the authors demonstrate the use of hybrid element techniques for 


solving thermal elastic-plastic problems, and give formlas for thermal 
elastic-plastic analysis based on the initial stress method. 


The necessity of equilibrium imbalance correction using small load increments 
without iteration is investigated. The error analysis and numerical evalua~ 
tions show that the hybrid finite element method for thermal elastic-plastic 
stress analysis has an advantage over the displacement method; and that the 
equilibrium imbalance correction for thermal elastic-plastic stress analysis 

is of particular convenience and efficiency. (Paper received 4 December 1984.) 
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LDENTIFICATION OF VIBRATION PARAMETER BY MICROCOMPUTER 


Nanjing NANJING GONGXUEYUAN XUEBAO [JOURNAL OF NANJING INSTITUTE OF TECHNOLOGY) 
in Chinese Vol 16 No 1, 20 Jan 86 pp 87-96 


English abstract of article by Lin Xunhong [2651 1789 3126], et al., of the 
Vepartment of Mathematics and Mechanics] 


fext}) The principle of utilizing experimental data of transfer ‘unctions 
to carry out transfer function fitting and measures taken to raise fitting 
accuracy are introduced. RKesults of transfer function fitting by the 
microcomputer are compared with those obtained by the graphic method. The 
results show that the transfer function fitting method gives relatively higher 
accuracy than does the graphic fitting method. (Paper received 21 December 


ivse.) 
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NONLINEAR DISCONTINUOUS BOUNDARY VALUE PROBLEMS FOR NONLINEAR ELLIFII 
SYSTEMS OF FIRST ORDER IN A MULTIPLY CONNECT“D DOMAIN 


Beijing BEIJING DAXVE XUVEBAO (ZIRAN KEXUE BAN) [ACTA SCIENTIARUM KAIVAAL! 
UNIVERSITATIS PEKINENSIS]) in Chinese No 3, May 8&5 pp 1-10 


[English abstract of article by Wen Guochun [5113 0948 2797] of the Depart: 
of Mathematics, Beijing University] 


|[Text}) In this paper we discuss the nonlinear uniformly elliptic system of 
first order (1.1) in an (Nel)-connected domain D. Without loss of generality, 
we assume that D is a circular domain in the unit disc, and suppose the 


system (1.1) satisfies the condition C as stated in a previous paper Ihe 
nonlinear discontinuous boundary value problem A fur system (1.1) may be 
formulated as follows: Find a solution wiz) of the system (1.1) to satis! 
wiz) € WA,(D_) (Dg is any compact subset in V\ic,, ..., cn}, 2 < 3 5) 
the boundary condition except at the discontinuity points c,, ..., Cy 


(0 < mn < @), where |ACz)| = 1, cle,w) = rolzdr (2,w), slz) = 


n 2: 
sols) Gi le-ejl 2 (0 < 8j/a < 1) satisfy the given conditions. 


By using a priori estimates of solutions of the corresponding boundary valu 
problem for the analytic function, the continuity method and Schauder’s fixed 
point theorem, we prove the following main result. 


Theorem. Suppose that the elliptic system (1.1) satisfies the condition © a 
the constant ¢« is sufficiently small. 


(1) When K = toparga(e) > 2N - 1, Problem A is solvable. 


(2) When 0 < K < 2N-2, the total of the solvability conditions for Problem a 
< N-[(Ke1)/2). 
(3) When K < 0, Problem A has N-K-1 solvability conditions. 


As an application of the above theorem, we derive an existence theoren of non- 
linear quasiconformal mappings which maps the domain D onto a band domain with 
N slits. 


Finally, the author would like to thank Professor Begehr for valuabl 
Suggestions. (Paper received 20 February 1964.) 
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JPRS-CST-86-018 


Physical Chemistry ay 1956 


CRYSTAL STRUCTURE OF ADDITION COMPOUND OF DECAVANADIC ACID AND ETHYLENE 
DIAMINE 


Beijing BEIJING DAXUE XUEBAO (ZIRAN KEXUE BAN) [ACTA SCIENTIARUM NATURALIUM 
UNIVERSITATIS PEKINENSIS] in Chinese No 3, May 85 pp 57-64 


[English abstract of article by Shao Meicheng [6730 5019 2052], et al., of 
the Institute of Physical Chemistry] 


{Text] The title compound crystallizes in the space groyp Coy7C z,/c, with 
unit cell constants a = 2U0.264A, B = 17.2U9A, c = 10.548A, © = 103.603°. 
Intensities of 2358 independent reflections were collected with a four circle 
diffractometer using MoK, radiation. After reduction for diffractometer 
data, first we derived the position parameters of all the V atoms by a 

direct method using the SHELXTL program. The coordinates of all the non- 
hydrogen and hydrogen atoms were obtained from successive Fourier and 
difference syntheses. The block-diagonal least-squares refinement for all 
atoms gave a final discrepancy factor R = 0.065. 


The result of structure analysis shows that all six protons of each 
decavanadic acid are captured by six nitrogen atoms involved in three 
ethylenediamine molecules. In crystal, the isopoly decavanadate anions, 
cations and the crystal water are linked together by ionic forces and 
hydrogen bonding and the chemical content within a unit cell has been 
identified as 4{V 100268] °~-12[H$NCH 2CH2NtH3] -24H20. (Paper received 

11 September 1983.) 
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THE CRYSTAL STRUCTURE OF Na jHyV, .02,-14H,0 


Beijing BEIJING DAXUE XUEBAO (ZIRAN KEXUE BAN) [ACTA SCIENTIARUM NATURALIUM 
UNIVERSITATIS PEKINENSIS] in Chinese No 3, May 85 pp 65-72 


{English abstract of article by Zhang Zeying [1728 3419 3853], et al., of the 
Institute of Physical Chemistry] 


[Text] The crystal structure of NajH,V,,02,-14H,0 has been determined from 
three-dimensional X-ray diffraction data collected by the four-circle 
diffractometer. The crystal is triclinic with space group P 1, a= 8. 509(2)A, 
b = 10.414(2)A, c = 11.298(3)A, a = 68.56(2)°, 8 = 87.36(2)°, y = 67.22(2)° a 
Zs}. 


The positional parameters of five vanadium atoms are derived from the Patterson 
function. The parameters of the other atoms are found from successive Fourier 
and difference syntheses. The final R index is 0.0407 after being refined by 
block~-matrix least-square techniques. 


The results of structure analysis show that there are complex ions (V,,0,,)°~ 

in the crystal. Among the six protons of decavanadic acid there are two 

protons which are replaced by two sodium atoms, while the other four protons 

are captured by water molecules to form the cation H,0*. The binuclear 

hydrated sodium ions consist of two sodium ions and 10 water molecules. 

Therefore, the structural formula of the crystal is finally defined as 

fh - | | 

. pa” + G4H20) (Vy o026)°~ + 4H;0*. The compound is an important 
HO 

intermediate product in wet metallurgy of vanadium. (Paper received 

5 August 1983.) 


(4H,0 - Na 
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LUMINESCENCE OF Eu** ION IN (La,-,Gd,) 02S 


Beijing BEIJING DAXUE XUEBAO (ZIRAN KEXUE BAN) [ACTA SCIENTIARUM NATURALIU™M 
UNIVERSITATIS PEKINENSIS] in Chinese No 3, May 85 pp 73-83 


{English abstract of article by Lian Xishan [6647 6932 1472] of the Department 
of Chemistry, Nei Monggol University; and Huang Zhupo [7806 4554 0980], et al., 
ot the Department of Chemistry, Beijing University] 


{Text} In order to determine efficient luminescent materials, we have 
synthesized Eu’*-activated binary systems of (La,-,Gd,),0,S and investigated 
their luminescent properties under the excitation of ultraviolet light, 
cathode rays and X-rays. 


The matrix composition-dependence of their emission spectra, luminous bright- 
ness, chromaticity coordinates, decay time as well as particle size distribu- 
tion is studied and discussed. The luminescent properties of (La, 4Gd,_,); 
O,S:Eu’* as a function of europium concentration have also been investigated. 
(Paper received 21 September 1984.) 
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IPRS-CST-+86-015 
1? May 1956 


DOMAIN STRUCTURES OF Fe, oNi, .Mo,Bi< AMORPHOUS METALLOY RIBBON DURING 
MAGNETIZATION 


Beijing BEIJING DAXUE XUEBAO (ZIRAN KEXUE BAN) [ACTA SCIENTIARUM NATURALIUM 
UNIVERSITATIS PEKINENSIS] in Chinese No 3, May 85 pp 52-56 


[English abstract of article by Wang Qintang [3769 0530 1016], et al., of 
the Department of Physics, Beijing University] 


|\Text] Using the conventional bitter technique, the authors observed 

magnetic domain powder patterns on the free face of the As quenching 

Fe. Ni, 9Mo,8,,¢ amorphous metalloy thin ribbon and their variations under 

the applied magnetic field. A vibration sample magnetrometer and impulsive 
current meter were used to measure the magnetization curve of the sheet sample 
and ring sample respectively. Based on these, a discussion is made of the 
contribution of the various domains to the technical magnetization procedure 
and their effect on magnetic properties. (Paper received 23 June 1982.) 
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STUDIES OF ULTRASONIC DEGRADATION AND BLOCK COPOLYMERIZATION OF HYDROXYETHYL 
CELLULOSE AND POLY(ETHYLENE OXIDE) 


Beijing GAOFENZI TONCXUN [POLYMER COMMUNICATIONS] in Chinese No 6, Dec 85 
pp 401-407 


[English abstract of article by Chen Keqiang [7115 0344 1730], et al., of 
the Polymer Research Institute, Chengdu University of Science and Technology] 


{Text} The ultrasonic degradation of hydroxyethyl cellulose (HEC) and 
poly(ethylene oxide) (PEO) in aqueous solution and copolymerization of HEC 
with PEO were studied respectively. The copolymer structure was identified 

by DTA, IR, MS, X-ray diffraction and polarizing microscope, and the copolymer 
prepared is mainly a block one. The copolymer, formed by irradiation 

0.5 percent HEC/PEO aqueous solution for a period of 10 minutes at 25°C and 
18.2 kHz with 2.5 A input current on a reversed main circuit, amounts to 

55.07 percent. (Paper received 26 August 1983.) 
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SYNTHESES OF MACRO-POROUS HUMIC ACID RESINS AND THEIR CHELATING PROPERTIES 
FOR HEAVY METAL IONS 


Beijing GAOFENZI TONGXUN [POLYMeER COMMUNICATIONS] in Chinese No 6, Dec 5&5 
pp 405-415 


[English abstract of article by Chen Yiyong [7115 5030 6978], et al., of 
the Department of Chemistry, Hangzhou University, Hangzhou; and Zheng Ping 
(6774 1627] of the Institute of Chemistry, Chinese Academy of Sciences, 
Beijing} 


(Text] Macro-porous humic acid resins (HAR) bearing -N=N- bonds or ester 
and/or ether bonds were prepared with crosslinked polystyrene derivatives and 
humic acids. Azo type HAX (AHAR) prepared under HA/PSNH, 0.7-1.0 (wt. ratio) 
and coupling pH 13 conditions has the best adsorption properties for metal 
ions. the adsorption quantities for Cu‘* of ester and/or ether type 

HAR (EHAR) increase with increasing reaction time of EHAR formation. The 

HAR structures were examined by [R-spectra. Adsorption capacities of AHAR 
for Cd**, Ni**, Mn**, Cu**, Co’*, Zn** are 1.01, 0.60, 0.59, 0.56, 0.55, 

0.53 mmol ion/g resin, respectively. The distribution coefficients of metal 
ions on AHAR are Cu**(8.7 x 10°) >» Cd**(3.8 x 10%) > Zn**(2.4 x 10%) > 
Ni**(1.8 x 10*) > Mn**(4.9 x 10), respectively. Cu**, Cd**, Ni**, Mn** ions 
can be quantitatively adsorbed and eluated by IN HNO, with AHAR. The resin 
can be regenerated and reused. The trace heavy metal ions in four kinds of 
natural water and tap water have been determined. (Paper received 

30 August 1983.) 
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[TiGATLIONS OF THE TEXTURE AND SURFACE CHEMICAL STRUCTURE OF HOLLO’W 


JATLL CARBON FIBER SNACF 


ULAOFENZI TONGXUN [POLYMER COMMUNICATIONS] in Chinese No 6, Dec 85 


tract of article by Zeng Hanmin (2580 3352 3046], et al., of the 
ch Institute, Zhongshan University, Guangzhou] 
textur und surface chemical structure features of hollow activated 
r SNACE have been investigated using TEM, SEM, XPS, IR, A-ray 
traction i chemical titration techniques, etc. The experimental results 


that the SNACF is an activated carbon fiber containing N and 5, possessin, 
ity and macrocrystalline-carbon structure with basic functional groups 
acad functional groups -COOH phenolic-OH, etc., as well as high-oxidized 
ur, such as sulphonic acid functional groups, on its surface. (Paper 
ived lu September 1983.) 
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DISCUSSION OF ‘ANCHIMERIC EFFECT’ OF HYDROXYMETHYL EPOXY RESIN 


Beijing GAOFENZI TONGXUN [POLYMER COMMUNICATIONS] in Chinese No 6, Dec 85 


PP 440-444 


[English abstract of article by Jin Shijiu [6855 1102 0046], et al., of the 
Institute of Chemistry, Chinese Academy of Sciences, Beijing] 


|Text) o- and p-Hydroxymethyl phenyl glycidyl ethers were synthesized as 
model compounds of hydroxymethyl diglycidyl ether bisphenol A type epoxy 
resin. It was reported to give more rapid cures at lower temperatures with 
amines for having a hydroxymethyl activating group. The reactions of thes: 
compounds with methylene dianiline (MDA) were investigated by means of DIA 
and IR for the discussion of “anchimeric effect" suggested by Schwarzer. 
(Paper received 16 September 1983.) 
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JPRS-CST-B4-0 j 2 
l2 May 1986 


ACTIVITIES OF BUTADIENE POLYMERIZATION USING PHENOXY NEODYMIUM DICHLORIDE 
TETRAHYDROFURAN AND NEODYMIUM TRICHLORIDE PHENOL COMPLEXES COMBINED WITH 
ALUMINUM ALKYLS 


Seijing GAOFENZI TONGXUN [POLYMER COMMUNICATIONS] in Chinese No 6, Dec 85 
PP 452-456 


(English abstract of article by Yu Guanggian [0060 1639 6197] and Chen Wengi 
{7115 2429 0796), et al., of Changchun Institute of Applied Chemistry, 
Chinese Academy of Sciences] 


[Text] CHONG), - s THF (THR= yi a=, 1, 2) saad NdCl-HOAr (HOA? 


Med un on on 
(CH, )C-4 )—c(CH,), 4\-cwca), 4S ci-4S-c1 

Ww . WW > A, ®W 

CH, ae cl 


combined with aluminum alkyls are highly active for butadiene polymerization. 


in CoH,ONdGCL,-nTHF-AIR, system the activities increase with an increase in 
the coordination number of THF. In NdCl,-HOAr-AlR, the polymerization 
activities of various phenols are in the following order: 


On On UH on 
(CH,)c—7 5 —C(CH,), 4N-cwen), 4 1-4-1 
Vv > “yw >~wWr & 
He 
CH, ci 


The polymerization rate is first order with respect to the monomer concentra- 
tion im C,<H,ONdC1,-2THF-Alj-Bu,H. The plot of the conversion vs polymeriza- 
tion time is linear. The [yn] of the polymer decreases with an increase in 
the butadiene conversion. (Paper received 7 September 1983.) 
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